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SUMMARY 
A problem of long standing in industr ia l engineering has been 
that of finding an operational method, which would be applicable to the 
industr ia l work situation,, of quant i tat ive ly determining physical exer­
t ion . The purpose of th i s study was to invest igate th i s area of research 
and to add s igni f icant information which could eventually be a valuable 
aid to industr ia l engineering. 
The procedure involved experimental human engineering. Five male 
col lege students were randomly se lected from a group of s ix ty students 
to perform a work task on a torsion bar machine which required an 
energy expenditure e a s i l y calculated by mechanics. The subjects performed 
the task at two di f ferent speeds two times at each speed. During each 
work period, the subject worked for three minutes and rested for three 
minutes f ive t imes. At the end of each work period of three minutes, 
recordings were taken of heart sound, galvanic skin response, and blood 
pressure. . These readings were subjected to an analysis of variance in 
an e f for t to determine the e f fec t s on these measurable var iab le s , of the 
di f ferent subjects , length of time the subjects performed the tasks , 
the repl icat ions of the tasks , and the two speeds at which the subjects 
performed the tasks , 
The resu l t s showed, that under the conditions of th i s experiment, 
rep l i ca t ion , speed, and the speed and operator interact ion showed no 
s t a t i s t i c a l s igni f icance . Differences among operators, however^ did 
cause a s ign i f i cant difference in the readings of both sys to l i c and 
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D I A S T O L I C B L O O D P R E S S U R E S . A L S O , T H E T I M E P E R I O D L E N G T H S S I G N I F I C A N T L Y 
A F F E C T E D T H E G A L V A N I C S K I N R E S P O N S E , H E A R T S O U N D J A N D D I F F E R E N C E B E T W E E N 
S Y S T O L I C A N D D I A S T O L I C B L O O D P R E S S U R E R E A D I N G S . T H E S P E E D A N D T I M E P E R I O D S 
I N T E R A C T I O N W A S S I G N I F I C A N T I N A F F E C T I N G H E A R T S O U N D W H I L E T H E I N T E R A C ­
T I O N B E T W E E N O P E R A T O R S A N D T I M E P E R I O D S W A S A S I G N I F I C A N T I N F L U E N C E O N 
T H E D I A S T O L I C B L O O D P R E S S U R E R E A D I N G S A S W E L L A S T H O S E O F H E A R T S O U N D . 
T H E S E R E S U L T S W E R E E N C O U R A G I N G I N T H A T , E V E N T H O U G H T H E W O R K W A S 
T O O L I G H T , D U E T O T H E S P E E D A T W H I C H T H E S U B J E C T S W O R K E D . , T O A F F E C T T H E 
R E A D I N G S ^ T H E L E N G T H O F T H E T I M E P E R I O D S A F F E C T E D T H E H E A R T S O U N D , G S R , 
A N D T H E D I F F E R E N C E B E T W E E N S Y S T O L I C A N D D I A S T O L I C B L O O D P R E S S U R E S . I T 
I S R E C O M M E N D E D T H A T F U T U R E S T U D Y I N C O R P O R A T E E X P E R I M E N T S C O V E R I N G L O N G E R 
P E R I O D S O F T I M E A N D I N V O L V I N G M O R E S T R E N U O U S T A S K S I N O R D E R T O D E T E R M I N E 
I F T H E S E V A R I A B L E S W I L L C O N T I N U E T O I N D I C A T E T H E E N E R G Y E X E R T E D B Y T H E 
S U B J E C T S A N D E V E N T U A L L Y B Y W O R K E R S I N A N A C T U A L W O R K S I T U A T I O N . 
v i i 
N O T A T I O N S A N D A B B R E V I A T I O N S 
L = S p e e d = i - 1 , 2 
T = T i m e P e r i o d s = j = 1 ^ 2 . 3 , ^ 5 ^ 6 
R = R e p l i c a t i o n s - Is. = 1 , 2 
0 = S u b j e c t s = = 1 , 2 , 3 ^ . 5 
L O = S p e e d a n d O p e r a t o r i n t e r a c t i o n 
L T - S p e e d a n d T i m e P e r i o d I n t e r a c t i o n 
O T = O p e r a t o r a n d T i m e P e r i o d I n t e r a c t i o n 
y ^ - D e p e n d e n t V a r i a b l e o f G a l v a n i c S k i n R e s p o n s e 
jn ~ D e p e n d e n t V a r i a b l e o f t h e D i f f e r e n c e B e t w e e n S y s t o l i c a n d 
D i a s t o l i c B l o o d P r e s s u r e 
y ^ = D e p e n d e n t V a r i a b l e o f S y s t o l i c B l o o d P r e s s u r e 
y y - D e p e n d e n t V a r i a b l e o f D i a s t o l i c B l o o d P r e s s u r e 
y g = D e p e n d e n t V a r i a b l e o f H e a r t S o u n d 
S P = S p l i t - P l o t 
M P = M a i n P l o t 
R e s - R e s i d u a l 
G S R = G a l v a n i c S k i n R e s p o n s e 
D i a s = D i a s t o l i c B l o o d P r e s s u r e 
H S = - H e a r t S o u n d 
B P = B l o o d P r e s s u r e 
t Q = F i r s t T i m e P e r i o d 
t w i = W o r k T i n e P e r i o d n u m b e r i ( i = l , 2 _ , 3 . , l b 5 , 6 ) 
t p i = R e s t T i m e P e r i o d n u m b e r i ( i = 1 , 2 . 3 j i | . 5 j 6 ) 
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C H A P T E R I 
I N T R O D U C T I O N 
T h e m o t i v a t i o n f o r t h i s r e s e a r c h w a s t h e r e s u l t o f a m a j o r r e s e a r c h 
e f f o r t i n t h e a r e a o f p h y s i o l o g i c a l c o s t s i n i n d u s t r i a l e n v i r o n m e n t s 
c o n d u c t e d i n t h e S c h o o l o f I n d u s t r i a l E n g i n e e r i n g u n d e r t h e d i r e c t i o n 
o f D r . D a v i d C . E k e y , p r i n c i p a l i n v e s t i g a t o r . 
I n d u s t r i a l e n g i n e e r s s i n c e t h e t i m e o f F r e d e r i c k W . T a y l o r h a v e 
b e e n t r y i n g t o q u a n t i f y t h e a m o u n t s o f w o r k b e i n g d o n e b y t h e i n d u s t r i a l 
w o r k e r a n d t h e f a c t o r s i n f l u e n c i n g h i s w o r k . W h e n t h e a m o u n t o f w o r k , 
o r p h y s i c a l e n e r g y e x p e n d e d , o n a c e r t a i n j o b h a s b e e n d e t e r m i n e d , i t 
i s p o s s i b l e t o m e a s u r e a m a n ' s c a p a c i t y f o r t h i s t y p e o f w o r k , a r r i v e 
a t a d e q u a t e b a s e s f o r r e m u n e r a t i o n , a n d o p t i m i z e t h e w o r k s c h e d u l e t o 
m i n i m i z e f a t i g u e a n d i n c r e a s e p r o d u c t i v i t y . 
I f i t w e r e p o s s i b l e t o m e a s u r e q u a n t i t a t i v e l y p h y s i c a l e n e r g y e x p e n d i ­
t u r e , i t i s c o n c e i v a b l e t h a t i n d u s t r i a l m e t h o d s o f w o r k p e r f o r m a n c e a n d 
e v a l u a t i o n w o u l d b e c h a n g e d c o n s i d e r a b l y , s i n c e m o s t o f t h e s u b j e c t i v e 
m e a s u r e s n o w i n c o r p o r a t e d w o u l d n o l o n g e r b e a c c e p t a b l e g r o u n d s f o r a r b i ­
t r a t i o n . A v a l i d s t a n d a r d c o u l d b e s e t f o r w a g e s c a l e s , w o r k p e r i o d s , 
a n d r a t e o f w o r k . U n i o n g r i e v a n c e s s h o u l d b e r e d u c e d a n d p e r s o n n e l ' s 
a d a p t a b i l i t y t o v a r i o u s j o b s c o u l d b e d e t e r m i n e d . 
A t t h i s t i m e h o w e v e r , n o q u a n t i t a t i v e a n d o p e r a t i o n a l m e t h o d f o r 
m e a s u r i n g w o r k h a s b e e n d e t e r m i n e d . M a n y d i f f e r e n t m e t h o d s o f m e a s u r i n g 
w o r k a r e p r e s e n t l y b e i n g u s e d a n d s t u d i e d . T h e s e c a n b e g r o u p e d i n t o 
2 
t he seven f o l l o w i n g c l a s s i f i c a t i o n s : 1 ( l ) t ime s tudy , ( 2 ) s tandard 
d a t a . (3) p r ede t e rmined e l e m e n t a l t i m e s , (k) a c t i v i t y r a t i o s , 
(5) ba rga in ing^ (6) p a s t r e c o r d s , and (7) e x p e r i m e n t a l p r o c e d u r e s . 
I n t ime s tudy , two b a s i c weaknesses become appa ren t . F i r s t , the 
worker i s r a t e d as t o h i s p a c e . Th i s i s s t r i c t l y a s u b j e c t i v e measure , 
y i e l d i n g r e s u l t s o n l y as v a l i d as t he a b i l i t y o f the r a t e r . S e c o n d > 
a l l o w a n c e s are added t o the t imes t o compensate f o r worker d e l a y s due 
t o f a t i g u e , p e r s o n a l de lays . , and u n a v o i d a b l e d e l a y s . These a l l o w a n c e s 
are u s u a l l y a r r i v e d a t by c o n v e n t i o n and are se ldom t r u e i n d i c a t o r s o f 
the a c t u a l s i t u a t i o n s . 
S tandard da ta b u i l t up o f e l e m e n t a l t imes i s o f t e n u s e f u l i n d e t e r ­
mining s tandards but a l s o has s e v e r a l s u b j e c t i v e weaknesses . F i r s t , t he 
a n a l y z e r must d e c i d e which method o r t y p e o f da ta he i n t e n d s t o use i n 
s y n t h e s i z i n g the j o b at hand. I t i s o f t e n the ca se t h a t d i f f e r e n t methods 
g i v e d i f f e r e n t r e s u l t s i n d i c a t i n g weaknesses i n e i t h e r the a p p l i c a t i o n 
o r the sys tem. S e c o n d , i t i s o f t e n v e r y d i f f i c u l t t o b reak down the 
j o b a t hand i n t o the e lements a v a i l a b l e i n the s tandard sys tem. 
" A c t i v i t y r a t i o s t u d i e s are based upon a s e r i e s o f snap o b s e r v a t i o n s 
o f a c t i v i t i e s and r e q u i r e n e i t h e r t i m i n g n o r r a t i n g the o p e r a t o r , " says 
2 
B e l c h e r . Th i s sampling t e c h n i q u e c o u l d f i n d some use i n a c t u a l quan t i ­
t a t i v e p h y s i c a l e x e r t i o n d e t e r m i n a t i o n bu t shows some weakness due t o 
i t s s u b j e c t i v e n a t u r e . 
"'"David ¥. B e l c h e r , Wage and S a l a r y A d m i n i s t r a t i o n , Englewood 
C l i f f s , N. J . , P r e n t i c e - H a l l , I n c . (1959): 350-60. 
B e l c h e r , o p . c i t . , p . 357. 
3 
P r e d e t e r m i n e d e l e m e n t a l t i m e s i s a m o r e u n i f o r m m e t h o d o f s t a n d a r d 
d a t a b u t s u f f e r s f r o m s i m i l a r w e a k n e s s e s . 
B a r g a i n i n g i s o f t e n u s e d i n d e c i d i n g w o r k o r j o b c o n t e n t ^ b u t a c t u a l l y 
c a n n o t y i e l d q u a n t i t a t i v e r e s u l t s o f a c t u a l p h y s i c a l w o r k c o n t e n t i n 
a n y t h i n g b u t c o m p r o m i s e t e r m s s i n c e t h e d e b a t e i s b a s e d o n s u b j e c t i v e 
b a r g a i n i n g i n f o r m a t i o n . 
P a s t p e r f o r m a n c e r e c o r d s c a n g i v e i n f o r m a t i o n i n c e r t a i n i n s t a n c e s j 
h o w e v e r j u s i n g t h e s e c a s e s t u d i e s a s i n d i c a t o r s o f o t h e r j o b s c a n b e 
m i s l e a d i n g . T h e w o r k i n g c o n d i t i o n s a f f e c t i n g t h e o r i g i n a l d a t a a r e 
u s u a l l y o n l y a s s u m e d s i m i l a r a n d t h e t r u e c a u s a l f a c t o r s a r e o n l y h y p o ­
t h e s i z e d , 
E x p e r i m e n t a l p r o c e d u r e s a i m e d a t q u a n t i f y i n g w o r k m e a s u r e m e n t h a v e 
b e e n m a n i f e s t e d l a r g e l y i n t h e f o r m o f f a t i g u e s t u d i e s . T h e t e r m " f a t i g u e " 
i s n o t e a s i l y d e f i n e d . S o m e e x p e r i m e n t e r s d e f i n e i t i n t e r m s o f m e n t a l j 
p h y s i o l o g i c a l a n d w o r k f a t i g u e ^ w h i l e o t h e r s s u c h a s M u s c i o ^ h a v e s t a t e d 
t h a t d u e t o t h e a m b i g u i t y o f t h e t e r m , t h e t e r m " f a t i g u e " s h o u l d n o t e v e n 
b e u s e d i n e x a c t s c i e n t i f i c l i t e r a t u r e . I t i s e v i d e n t t h a t a d e f i n i t i o n 
m u s t b e a r b i t r a r i l y c h o s e n t h a t w i l l f i t t h e e x i s t i n g s i t u a t i o n u n d e r 
c o n s i d e r a t i o n . T h e d e f i n i t i o n u s e d i n t h i s s t u d y i s t h a t o f B a r t l e t t , ^ 
w h i c h s t a t e s , " F a t i g u e I s a t e r m u s e d t o c o v e r a l l t h o s e d e t e r m i n a b l e 
^ M o r r i s V i t e l e s , I n d u s t r i a l P s y c h o l o g y , N e w Y o r k , W . ¥ . N o r t o n 
a n d C o m p a n y > 1 9 3 2 , p p . l j . 3 8 - 6 3 . 
^ B . M u s c i o , " I s a F a t i g u e T e s t P o s s i b l e ? " B r i t i s h J o u r n a l o f 
P s y c h o l o g y s 1 2 ( 1 9 2 1 - 2 ) : 3 1 - U 6 . 
^ B a r t l e t t , " P s y c h o l o g i c a l C r i t e r i a o f F a t i g u e , " S y m p o s i u m o n 
F a t i g u e , ¥ . F . F l o y d a n d A . T . W e l f o r d e d i t o r s , H . K . L e w i s a n d C o . , 
L t d . , L o n d o n , 1 9 5 3 -
h 
C H A N G E S I N T H E E X P R E S S I O N O F A N A C T I V I T Y W H I C H C A N B E T R A C E D T O T H E 
C O N T I N U I N G E X E R C I S E O F T H A T A C T I V I T Y U N D E R I T S N O R M A L O P E R A T I O N A L C O N D I ­
T I O N S , A N D W H I C H C A N B E S H O W N T O L E A D , E I T H E R I M M E D I A T E L Y O R A F T E R D E L A Y , 
T O D E T E R I O R A T I O N I N T H E E X P R E S S I O N O F T H A T A C T I V I T Y , O R , M O R E S I M P L Y , 
T O R E S U L T S W I T H I N T H E A C T I V I T Y T H A T A R E N O T W A N T E D . " T H E A C T I V I T Y C I T E D 
I N T H E A B O V E D E F I N I T I O N W I L L , I N T H I S S T U D Y , N O T B E D I R E C T L Y M E N T A L , B U T 
P H Y S I C A L W O R K S O T H A T M E N T A L O R S E D E N T A R Y F A T I G U E W I L L N O T B E E V A L U A T E D . 
V A R I O U S V A R I A B L E S H A V E B E E N E X P E R I M E N T A L L Y S T U D I E D I N A N E F F O R T T O 
F I N D A G O O D M E A S U R E O F P H Y S I C A L E X E R T I O N . P E R H A P S T H E M O S T N O T A B L E 
S U C C E S S H A S B E E N A C H I E V E D B Y L . A . B R O U H A A T T H E H A S K E L L L A B O R A T O R Y O F 
E . I . D U P O N T C O M P A N Y A N D B Y T H E M A X - P L A N K - I N S T I T U T F U R A R B E I T S P H Y S I O L O G I E 
I N G E R M A N Y , 
A B R I E F R E S U M E O F S O M E O F B R O U H A 1 S M O R E N O T E W O R T H Y W O R K F O L L O W S . 
P H Y S I O L O G I C A L R E A C T I O N S A T R E S T , W O R K , A N D D U R I N G R E C O V E R Y P E R I O D S A R E 
I N F L U E N C E D B Y W E T A N D D R Y B U L B T E M P E R A T U R E . ^ T H E P H Y S I O L O G I C A L C O S T O F 
W O R K C A N M O S T P R A C T I C A L L Y A N D R E L I A B L Y B E M E A S U R E D B Y D E T E R M I N I N G T H E 
O X Y G E N C O N S U M P T I O N A N D T H E R A T E O F C H A N G E O F H E A R T R A T E O F T H E S U B J E C T S . ' 
W I T H O U T A D E Q U A T E R E S T P E R I O D S , W O R K E R S H A V E A S T A T I S T I C A L L Y S I G N I F I C A N T 
I N C R E A S E I N B O D Y T E M P E R A T U R E A N D H E A R T R A T E A T T H E E N D O F A N E I G H T H O U R 
D A Y , W H I C H I S R E C T I F I E D I F T H E P R O P E R R E S T P E R I O D S A R E I N T E R S P E R S E D 
L . A . B R O U H A , M A N * S P H Y S I O L O G I C A L R E A C T I O N T O H E A T , H A S K E L L 
L A B O R A T O R Y , E . I . D U P O N T C O . , 195$-
7 
' L . A . B R O U H A , " P H Y S I O L O G I C A L A P P R O A C H T O P R O B L E M S O F W O R K M E A ­
S U R E M E N T , " 9th A N N U A L I N D U S T R I A L E N G R . I N S T . , F E B . , 1957. 
5 
t h r o u g h o u t t h e w o r k d a y . N o r m a l l y , n o m e a s u r e o f p u l s e r a t e , " s i t t i n g " 
d i a s t o l i c , o r s y s t o l i c b l o o d p r e s s u r e t a k e n a t r e s t i s i n d i c a t i v e o f t h e 
9 
amount o f h a r d w o r k a y o u n g man c a n d o . W i d e d i f f e r e n c e s i n p h y s i c a l 
e f f i c i e n c y i s o b s e r v e d b e t w e e n y o u n g men who a r e c l a s s i f i e d a s p h y s i c a l l y 
f i t o n a p h y s i c a l f i t n e s s t e s t . The a v e r a g e p h y s i c a l e f f i c i e n c y i n d e x 
i s h i g h e r w i t h a s m a l l e r r a n g e f o r men who r e g u l a r l y e n g a g e i n m u s c u l a r 
a c t i v i t y . P h y s i o l o g i c a l m e a s u r e m e n t s o n n o r m a l y o u n g men s h o w m a r k e d 
v a r i a t i o n s f r o m i n d i v i d u a l t o i n d i v i d u a l . M e a s u r e m e n t s o n i n d i v i d u a l s 
d u r i n g t w o d i f f e r e n t s t a n d a r d i z e d t a s k s a l s o s h o w m a r k e d i n d i v i d u a l 
1 1 
v a r i a t i o n s . 
The M a x - P l a n k I n s t i t u t e m p l o y s t h r e e m e t h o d s o f m e a s u r i n g w o r k : 
( l ) an e x a c t t i m e s t u d y , ( 2 ) t h e r e s p i r a t i o n g a s - m e t e r , and ( 3 ) a 
1 2 
c o n t i n u o u s p u l s e r a t e o f t h e s u b j e c t d u r i n g t h e d a y . T h e y h a v e 
a c h i e v e d u s a b l e r e s u l t s u s i n g p u l s e r a t e a n d t h e r e s p i r a t i o n g a s - m e t e r , 
w h i c h s h o w s h o w many c a l o r i e s t h e s u b j e c t i s b u r n i n g w h i l e w o r k i n g . I n 
U L . A . B r o u h a a n d M. V . B a l l , " R e s e a r c h o n I n d u s t r i a l F a t i g u e , " 
R e v i e w o f C a n a d i a n B i o l o g y , A u g . , 1 9 ^ 8 , p p . 14-79—83• 
o 
y L . A . B r o u h a and C . W* H e a t h , " R e s t i n g P u l s e a n d B l o o d P r e s s u r e 
V a l u e s i n R e l a t i o n t o P h y s i c a l F i t n e s s i n Y o u n g M e n , " New E n g l a n d J o u r ­
n a l o f M e d i c i n e , A p r i l , 19h3, p p . U 7 3 - 7 7 -
" ^ L . A . B r o u h a , N . W. F r a d d , B . M. S a v a g e , " S t u d i e s i n P h y s i c a l 
E f f i c i e n c y o f C o l l e g e S t u d e n t s , " R e s e a r c h Q u a r t e r l y , O c t . , 1914; , p p . 2 1 1 - 2 1 ; . 
~̂ L . A . B r o u h a a n d B . M. S a v a g e , " V a r i a b i l i t y o f P h y s i o l o g i c a l 
M e a s u r e m e n t s i n N o r m a l Y o u n g Men a t R e s t a n d D u r i n g M u s c u l a r W o r k , " R e v i e w 
C a n a d i a n B i o l o g y , M a r c h , 19h£) p p . 131*- i ;3 . 
^ G . Lehman, " P h y s i o l o g i c a l M e a s u r e m e n t s a s a B a s i s o f W o r k O r g a n i ­
z a t i o n i n I n d u s t r y , " E r g o n o m i c s , A u g . , 1 9 5 8 p p . 3 2 9 - 1 4 u 
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a d d i t i o n , t h e y h a v e s h o w n t h a t t h e p u l s e r a t e i s d i r e c t l y a f f e c t e d " b y 
e n v i r o n m e n t a l t e m p e r a t u r e . W i t h a n o m o g r a m d e v e l o p e d " b y D e V . W e i r , t h e 
r e s u l t s o f t h i s g a s - m e t e r , w h i c h i s v e r y s i m p l e t o u s e a n d i s n o t t o o 
13 
" b u l k y , g i v e a f a i r l y g o o d e s t i m a t i o n o f t h e p h y s i o l o g i c a l c o s t o f w o r k . 
IK 
I n g e n o h l , h a s s h o w n t h a t t h e a v e r a g e m a n ' s e n e r g y r e s e r v e i s o n l y 
a b o u t t w e n t y - f i v e c a l o r i e s a n d o n c e t h i s r e s e r v e h a s b e e n u s e d , t h e m a n 
c a n n o t w o r k a t h i s n o r m a l p a c e s i n c e t h e b o d y i s u s i n g e n e r g y w h i c h i s 
r e q u i r e d t o r e p l e n i s h t h i s r e s e r v e . H e a l s o s h o w s t h e r e s t p e r i o d s n e e d e d 
t o r e s t o r e t h e r e s e r v e a n d t h u s t h e b e s t p h y s i o l o g i c a l r e s t p e r i o d s . T h i s 
i n f o r m a t i o n a l o n g w i t h t h a t a v a i l a b l e f r o m t h e g a s - m e t e r i s s u r e l y a 
1 5 
w o r t h y a d v a n c e m e n t i n t h e f i e l d o f w o r k m e a s u r e m e n t . A n s o n , ' h o w e v e r , 
s a y s , " I t i s c l e a r t h a t t h e c h a r a c t e r i s t i c s w h i c h a t i m e s t u d y e n g i n e e r 
a s s e s s e s a r e n o t m e a s u r e d b y t h e o x y g e n c o s t p e r m i n u t e . . . . t h e e r r o r i n 
d e t e r m i n i n g t h e s t a n d a r d e f f o r t ( b y o x y g e n c o s t m e a s u r e m e n t ) i s o f t h e 
s a m e o r d e r a s t h e e r r o r s i n t i m e s t u d y r a t i n g . " 
V a r i o u s o t h e r m e t h o d s o f w o r k m e a s u r e m e n t i n c l u d e e y e - b l i n k r a t e , 
g a l v a n i c s k i n r e s p o n s e , a n d e l e c t r o m y o g r a p h y . K i n g a n d M i c h e l s 1 ^ h a v e 
1 3 
J . H . G r e e n e , W . H . M . M o r r i s , L . E . W i e b e r s , " A M e t h o d f o r 
M e a s u r i n g P h y s i o l o g i c a l C o s t o f W o r k , " T h e J o u r n a l o f I n d u s t r i a l E n g i ­
n e e r i n g , 10 (1959): 180-81K 
IK 
I n g o I n g e n o h l , " M e a s u r i n g P h y s i c a l E f f o r t , " T h e J o u r n a l o f 
I n d u s t r i a l E n g i n e e r i n g , 10 (1959): 99-11^. 
15 
YC. J . A n s o n , " T h e P h y s i o l o g i c a l M e a s u r e m e n t o f E f f o r t , " T i m e 
a n d M o t i o n S t u d y , F e b . , %95k, p p . 26-31. 
" ^ D . C . K i n g a n d K . E . M i c h e l s , " M u s c u l a r T e n s i o n a n d t h e H u m a n 
B l i n k R a t e , " J o u r n a l o f E x p e r i m e n t a l P s y c h o l o g y , 53, (1957): 113-16. 
7 
SHOWN THAT BLINK RATE COULD BE USED TO INDICATE MUSCULAR TENSION I N A 
GROUP OF PEOPLE. HOWEVER, EYE-BLINK RATES DIFFER CONSIDERABLY AMONG PER­
SONS. THE BLINK RATE MAY NOT BE A PARTICULARLY GOOD INDEX FOR ESTIMATING 
THE DEGREE OF TENSION I N ANY GIVEN SUBJECT, THAT I S AS A CRITERION TO 
BE USED I N INDUSTRY AS A MEASURE OF INDIVIDUAL MUSCLE FATIGUE. 
ROSS, DARDANO, AND HACKMAN^ FOUND DEFINITE TRENDS I N CONDUCTANCE 
(GSR) I N GROUPS OF SUBJECTS PARTICIPATING I N A VIGILANCE TASK. ALTHOUGH 
NO STATISTICALLY SIGNIFICANT RELATIONSHIP WAS FOUND, I T WAS ASSUMED THAT 
HIGH CONDUCTANCE LEVELS ARE RELATED TO HIGH VIGILANCE. 
L8 
WILCOTT AND BEENKEN HAVE SHOWN AN ESSENTIALLY LINEAR RELATIONSHIP 
FOR FEMALES AND A SLIGHTLY CURVILINEAR RELATIONSHIP FOR MALES BETWEEN 
THE FORCE OF MUSCLE PULL AND THE INTEGRATED MEAN ELECTROMYOGRAPHIC POTEN­
TIAL (EMG). A STIPULATION I N THIS STUDY WAS THAT THE BICEP MUSCLE LENGTH 
19 
MUST REMAIN CONSTANT. SMALL AND GROSS TESTED THIS VARIABLE I N A 
WEIGHT LIFTING TASK I N WHICH THE MUSCLE WAS ALLOWED TO CHANGE I N LENGTH. 
THEY FOUND THAT THE RATE OF LIFTING AND THE WEIGHT LIFTED WERE BOTH STA­
TISTICALLY SIGNIFICANT I N CAUSING THE INTEGRATED MEAN MUSCLE ACTION 
POTENTIAL TO R I S E . 
17 
'SHERMAN ROSS, J . DARDANO, R« C, HACKMAN, "CONDUCTANCE LEVELS 
DURING VIGILANCE TASK PERFORMANCE," JOURNAL OF APPLIED PSYCHOLOGY, h3 
(1959): 6$-69. 
18 
R. C. WILCOTT AND H. G. BEENKEN, "RELATION OF INTEGRATED SUR­
FACE ELECTROMYOGRAPHY AND MUSCLE TENSION," PERCEPTION AND MOTOR S K I L L S , 
7 (1957): 295-98. 
1 Q 
7K. H. SMALL, J R . AND N. B . GROSS, "INTEGRATED MUSCLE ACTION 
POTENTIALS I N A WEIGHT L IFTING TASK AS A FUNCTION OF RATE AND WEIGHT OF 
L IFT ING, " JOURNAL OF COMPARATIVE AND PHYSIOLOGICAL PSYCHOLOGY, 1 (1958) 
2Z{-29. ' " 
8 
F r o m a r e v i e w o f t h e e x p e r i m e n t a l p r o c e d u r e s r e c e n t l y c o n d u c t e d , 
i t i s a p p a r e n t t h a t m a n y m e a s u r a b l e v a r i a b l e s a r e a v a i l a b l e i n t h e h u m a n 
b o d y t h a t a r e p o t e n t i a l w o r k m e a s u r e m e n t i n d i c a t o r s . T h e p u r p o s e o f 
t h i s r e s e a r c h h a s b e e n t o f i n d a n o p e r a t i o n a l v a r i a b l e t h a t c o u l d b e u s e d 
i n i n d u s t r i a l a p p l i c a t i o n s a s a m e a s u r e o f p h y s i c a l e x e r t i o n . T h e p u r ­
p o s e o f t h e r e s e a r c h d i s c u s s e d i n t h i s t h e s i s i s t o f u r t h e r t h i s e x p e r ­
i m e n t a t i o n i n a n e f f o r t t o f i n d a u s a b l e m e t h o d o f d e t e r m i n i n g h u m a n 
e n e r g y e x p e n d i t u r e . 
I t i s h y p o t h e s i z e d t h a t o n e o r m o r e o f t h e v a r i a b l e s , h e a r t s o u n d , 
g a l v a n i c s k i n r e s p o n s e , o r b l o o d p r e s s u r e s ( s y s t o l i c , d i a s t o l i c , a n d 
t h e i r d i f f e r e n c e ) i s s i g n i f i c a n t l y r e l a t e d t o t h e a m o u n t o f e n e r g y 
e x p e n d e d b y a m a n . 
2 0 
Y o u n g h a s f o u n d t h a t h e a r t r a t e c a n b e u s e d i n p r e d i c t i n g t h e 
i n t e n s i t y o f w o r k o n c e r t a i n e x p e r i m e n t a l t a s k s . T h i s w o r k a l o n g w i t h 
B r o u h a ' s s t u d i e s s h o w t h a t t h e h e a r t i s d e f i n i t e l y o n e o f t h e v a r i a b l e s 
t o s t u d y . H e a r t s o u n d i s t h e n t h e n e x t v a r i a b l e t h a t l o g i c a l l y s h o u l d 
2 1 
b e i n v e s t i g a t e d . O f t h e f o u r m a i n s o u n d s e m i t t e d b y t h e h e a r t , t h e 
t w o l o u d e s t ( s y s t o l i c ) s o u n d s w e r e t h o s e s t u d i e d . T h r o u g h a n a p p r o p r i a t e 
e l e c t r i c a l n e t w o r k , t h e s e t w o s o u n d s w e r e c o n v e r t e d t o a v o l t a g e r e s p o n s e 
a n d t h e i r c o m b i n e d i n t e n s i t y w a s r e c o r d e d a s a n a m p l i t u d e . F r o m t h e p r e ­
v i o u s s t u d i e s o n h e a r t r a t e s , t h i s h e a r t s o u n d a m p l i t u d e w a s h y p o t h e s i z e d 
t o b e a s i g n i f i c a n t i n d i c a t i o n o f p h y s i c a l e x e r t i o n . 
2 0 H . H . Y o u n g , " R e l a t i o n s h i p s B e t w e e n H e a r t R a t e a n d I n t e n s i t y 
o f W o r k f o r S e l e c t e d T a s k s , " J o u r n a l o f I n d u s t r i a l E n g i n e e r i n g 7 ( 1 9 5 6 ) : 
3 0 0 - 3 0 3 . ' 
( 1 9 5 9 ) : 3 - 1 2 7 
" A . A . L u i s a d a , e d i t o r , C a r d i o l o g y , M c G r a w H i l l , N e w Y o r k , 2 
9 
N o i n f o r m a t i o n w a s f o u n d i n t h e l i t e r a t u r e c o n c e r n i n g h e a r t s o u n d 
a s a n i n d i c a t o r o f w o r k m e a s u r e m e n t . A l s o , i t w a s n o t p o s s i b l e t o p u r ­
c h a s e e x i s t i n g c o m m e r c i a l e q u i p m e n t t h a t w o u l d s u m t h e h e a r t s o u n d s i n 
a m a n n e r t h a t w o u l d e n a b l e t h e i n t e n s i t y o f t h e t o t a l s o u n d t o b e m e a ­
s u r e d . F r o m t h e s e f a c t s , i t a p p e a r s t h a t t h i s r e s e a r c h i s t h e f i r s t 
a p p r o a c h a t u s i n g h e a r t s o u n d i n a n e n d e a v o r t o w a r d s f i n d i n g a q u a n t i t a ­
t i v e i n d i c a t o r o f p h y s i c a l e x e r t i o n . 
G a l v a n i c s k i n r e s p o n s e h a s g i v e n e n c o u r a g i n g r e s u l t s i n v i g i l a n c e 
t a s k s a n d i t w a s a l s o e x p e c t e d t o i n c r e a s e s i g n i f i c a n t l y i n a p h y s i c a l 
2 2 
e x e r t i o n t a s k . B l a n k a n d F i n e s i n g e r f o u n d t h a t G S R i n c r e a s e d i m m e ­
d i a t e l y i n a s t e p t e s t . I n t h e p r e s e n t e x p e r i m e n t , t h e e x o s o m a t i c m e t h o d 
o f G S R w a s u t i l i z e d . ^ 
D u e t o e a s e o f r e c o r d i n g , i t w a s d e c i d e d t o r e c o r d b o t h s y s t o l i c 
a n d d i a s t o l i c b l o o d p r e s s u r e s i n t h e e x p e r i m e n t i n a n e f f o r t t o r e i n ­
f o r c e B r o u h a 1 s c o n c l u s i o n s t h a t b l o o d p r e s s u r e v a r i e d t o o m u c h a m o n g 
i n d i v i d u a l s t o b e o f s i g n i f i c a n t v a l u e i n w o r k m e a s u r e m e n t . I t i s n o t e ­
w o r t h y t h a t b o t h K a r p i n o s 2 ^ a n d r e s e a r c h e r s i n G r e a t B r i t a i n 2 ^ c i t e d 
2 2 
I . H . B l a n k a n d J . E . F i n e s i n g e r , " E l e c t r i c a l R e s i s t a n c e o f 
t h e S k i n , " A r c h i v e s o f N e u r o l o g y a n d P s y c h i a t r y , 5 6 ( I 9 l ; 6 ) : 5kk~5l-
2 3 
M c C l e a r y j " G a l v a n i c S k i n R e s p o n s e , " P s y c h o l o g i c a l B u l l e t i n , 
hi ( 1 9 5 0 ) : 9 7 - 1 1 2 . 
2k 
B . D . K a r p i n o s , " B l o o d P r e s s u r e a n d i t s R e l a t i o n t o H e i g h t , 
W e i g h t , R a c e , a n d A g e - W o r l d W a r I I , " A m e r i c a n J o u r n a l o f H y g i e n e , t 
( 1 9 5 8 ) : 2 8 8 - 3 1 1 . 
- ^ " E n v i r o n m e n t a n d B l o o d P r e s s u r e , " B r i t i s h M e d i c a l J o u r n a l , 
N o v e m b e r 1 5 , 1 9 5 8 , p p . 1 2 0 8 - 1 2 0 9 
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t h a t a g e , s e x , h e i g h t , w e i g h t , r a c e , a n d e n v i r o n m e n t w e r e a l l f a c t o r s 
a f f e c t i n g i n d i v i d u a l b l o o d p r e s s u r e s . 
T h e t a s k t o w h i c h t h e s u b j e c t s w e r e s u b j e c t e d w a s a t o r s i o n b a r 
p r o v i d e d w i t h a l e v e r a r m w h i c h w a s t w i s t e d a t a g i v e n r a t e i n 5 t h r e e -
m i n u t e w o r k p e r i o d s w h i c h w e r e s e p a r a t e d w i t h t h r e e m i n u t e r e s t p e r i o d s . 
C o n c o m i t a n t v a r i a b l e s r e c o r d e d w e r e a g e , w e i g h t , h e i g h t , w e i g h t t o h e i g h t 
r a t i o , t e m p e r a t u r e , r e l a t i v e h u m i d i t y , t i m e o f d a y a n d p h y s i c a l f i t n e s s 
( i f i n o b v i o u s s u p e r i o r p h y s i c a l f i t n e s s , a s a n a t h l e t e i n t r a i n i n g ) . 
F i v e m a l e c o l l e g e s t u d e n t s s e l e c t e d a t r a n d o m f r o m a g r o u p w e r e 
u s e d a s s u b j e c t s . E a c h s u b j e c t p e r f o r m e d t h e t o r s i o n b a r t a s k a t t w o 
s p e e d s a n d t h e n r e p l i c a t e d t h e t w o s p e e d s a g a i n w h i c h b r o u g h t h i m t o 
t h e l a b o r a t o r y a t o t a l o f f o u r s e p a r a t e t i m e s . T h e d a t a f r o m t h e t e s t s 
w e r e t h e n a n a l y z e d u s i n g a n a l y s i s o f v a r i a n c e w i t h t h e a i d o f t h e I B M 
6 ^ 0 d i g i t a l c o m p u t e r . 
D u r i n g t h e p r e c e d i n g l i t e r a t u r e s u r v e y , t h e a u t h o r w a s u n a b l e t o 
f i n d a n o p e r a t i o n a l m e t h o d o f q u a n t i t a t i v e l y d e t e r m i n i n g p h y s i c a l w o r k 
e x e r t i o n i n h u m a n s w h i c h w o u l d b e a p p l i c a b l e t o t h e i n d u s t r i a l w o r k s i t ­
u a t i o n . I t i s t h e p u r p o s e o f t h e f o l l o w i n g s t u d y t o a d d s i g n i f i c a n t 
i n f o r m a t i o n t o t h i s a r e a o f r e s e a r c h w h i c h m a y e v e n t u a l l y b e a v a l u a b l e 
a i d t o i n d u s t r i a l e n g i n e e r i n g . 
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C H A P T E R I I 
A D E S C R I P T I O N O F T H E I N S T R U M E N T A T I O N 
T h e f o l l o w i n g i n s t r u m e n t s w e r e u s e d i n t h e e x p e r i m e n t a t i o n : 
( 1 ) H e a r t S o u n d A m p l i f i e r a n d m i c r o p h o n e j ( 2 ) R e c o r d e r w i t h a n e l e c ­
t r o c a r d i o g r a p h p r e a m p l i f i e r a n d a s t a n d a r d d r i v e r a m p l i f i e r a n d p o w e r 
s u p p l y ; ( 3 ) G a l v a n i c s k i n r e s p o n s e m e t e r ; (k) T o r s i o n b a r m a c h i n e ; 
a n d ( 5 ) M i s c e l l a n e o u s e q u i p m e n t . 
H e a r t S o u n d A m p l i f i e r a n d M i c r o p h o n e . — T h e h e a r t s o u n d a m p l i f i e r w a s 
d e s i g n e d b y t h e W a t e r s C o r p o r a t i o n t o m e e t t h e f o l l o w i n g s p e c i f i c a t i o n s : 
( l ) a m p l i f y t h e h e a r t s o u n d i m p u l s e s f r o m t h e m i c r o p h o n e a n d a d d t h e 
t w o l o u d e s t s o u n d s ( s y s t o l i c ) ; a n d ( 2 ) p r o v i d e a n o u t p u t t h a t c o u l d 
b e r e c o r d e d i n o n e d i r e c t i o n f r o m a b a s e l i n e t h a t w o u l d i n d i c a t e t h e 
c h a n g e i n i n t e n s i t y o f h e a r t s o u n d a s a c h a n g e i n v o l t a g e o u t p u t . T h e 
i n s t r u m e n t ( m o d e l H S - 1 0 ) c o n s i s t s o f a t h r e e s t a g e t r a n s i s t o r a m p l i f i e r , 
a h i g h f r e q u e n c y f i l t e r , a h a l f - w a v e r e c t i f i e r , a f u l l - w a v e r e c t i f i e r , 
a n d a n i n t e g r a t i n g o r s u m m i n g c i r c u i t ( F i g u r e l ) . A W a t e r s H S M - 1 m i c r o ­
p h o n e w a s u s e d t o p i c k u p t h e i n i t i a l h e a r t s o u n d . 
R e c o r d e r , P r e a m p l i f i e r , A m p l i f i e r , a n d P o w e r S u p p l y . — A S a n b o r n f o u r 
c h a n n e l r e c o r d e r ( m o d e l 1 . 5 U - 1 0 0 B ) w a s u s e d t o r e c o r d t h e h e a r t s o u n d . 
T h i s r e c o r d e r u s e s D ' A r s o n v a l g a l v a n o m e t e r s w h i c h d r i v e r e c o r d i n g a r m s 
c o n s i s t i n g o f h o t w i r e r i b b o n s w h i c h b u r n t h e t r a c e o n t h e b l a c k p e r m a -
p a p e r r e c o r d i n g t a p e . T h e S a n b o r n E C G P r e a m p l i f i e r M o d e l 1 5 > 0 - l 6 0 0 w a s 
u s e d i n c o n j u n c t i o n w i t h t h e r e c o r d e r . T h e S a n b o r n d r i v e r a m p l i f i e r 
12 
and power s u p p l y (model l50-200B/l;00) i s the s tandard u n i t used wi th 
the Sanborn r e c o r d e r . 
Ga lvan ic Sk in Response M e t e r . — G a l v a n i c s k i n r e s p o n s e was r e a d from a 
meter c o n s t r u c t e d b y the a u t h o r . The c i r c u i t i s s i m i l a r t o t ha t d e s c r i b e d 
by Ross and Dardano. The v o l t a g e ou tpu t o f the c i r c u i t i s a d j u s t e d 
so t h a t one v o l t appears a c r o s s each s u b j e c t e l e c t r o d e . With t h i s 
arrangement , the microammeter reads d i r e c t l y i n conduc tance (mhos) and 
wi th a p p r o p r i a t e r e s i s t e r s , the f i f t y microampere meter w i l l r e a d up t o 
200 mhos ( F i g u r e l ) . Copper e l e c t r o d e s o f 0.7k i n c h e s d iamete r were 
u sed . 
T o r s i o n Bar Machine .—The t o r s i o n ba r machine was d e s i g n e d t o p r o v i d e 
a t a sk c a u s i n g the s u b j e c t ' s arms t o be used i n expending a g i v e n 
amount o f e n e r g y . The f o l l o w i n g e q u a t i o n was used t o de te rmine the 
27 
f o r c e a p p l i e d by the s u b j e c t : ' 
^ " 5«3.6 RL 
where a = ang le o f t o r s i o n a l d e f l e c t i o n i n d e g r e e s 
D = d iamete r o f the s h a f t i n i n c h e s 
G = t o r s i o n a l modulus o f e l a s t i c i t y , g e n e r a l l y assumed 
t o be 12,000,000 f o r c o l d r o l e d s t e e l 
R - l e n g t h o f l e v e r arm i n i n c h e s 
L = l e n g t h o f s h a f t i n i n c h e s 
P = f o r c e i n pounds . 
26 
Ross and Dardano, o p . c i t . 
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' E r i k Oberg and F . D. J o n e s , M a c h i n e r y ' s Handbook, The I n d u s t r i a l 
P r e s s , New l o r k , ±9k2, p . 1|?1. ' ' 
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F i g u r e 1 . R e c o r d i n g A p p a r a t u s . 
A - H e a r t S o u n d A m p l i f i e r 
B - G S R M e t e r 
I L L 
T H E L E V E R A R M W A S S E T A T F I F T Y I N C H E S A N D T H E F I V E - E I G H T S I N C H B A R W A S 
T W I S T E D F I F T E E N D E G R E E S W I T H A N E F F E C T I V E L E N G T H ( B E T W E E N W E L D S ) O F 
T H I R T Y - F O U R I N C H E S ( F I G U R E 2 ) . T H E F O R C E R E Q U I R E D F O R E A C H P U L L W A S 
T H E R E F O R E 27-7 P O U N D S A N D T H E W O R K W A S 15.0 F O O T P O U N D S . A T T H E S L O W 
R A T E O F P U L L S , $0 P E R M I N U T E , T H E S U B J E C T S E X P E N D E D 755.0 F O O T P O U N D S 
P E R M I N U T E O F E N E R G Y O R 0.023 H O R S E P O W E R , A N D A T T H E F A S T R A T E , 100 
P U L L S P E R M I N U T E , 1510.0 F O O T P O U N D S P E R M I N U T E O R O . O J 4 . 6 H O R S E P O W E R O F 
E N E R G Y W A S E X P E N D E D . 
M I S C E L L A N E O U S E Q U I P M E N T . — R E L A T I V E H U M I D I T Y W A S R E A D F R O M A T A Y L O R H U M I D I -
G U I D E A N D T E M P E R A T U R E W A S R E C O R D E D F R O M A W E S T O N L A B O R A T O R Y T H E R M O M E T E R . 
A F R A N Z E L E C T R I C M E T R O N O M E W A S U S E D I N P R O V I D I N G A V I S U A L A N D A U D I B L E 
B E A T F O R T H E S U B J E C T S T O F O L L O W I N O R D E R T O P U L L T H E T O R S I O N M A C H I N E A T 
A U N I F O R M A N D C O N S T A N T R A T E . A M I N E R V A D E C I M A L M I N U T E S T O P W A T C H W A S 
U S E D T O K E E P T R A C K O F T H E T H R E E - M I N U T E W O R K A N D R E S T P E R I O D S W H I C H W E R E 
O F I N T E R E S T I N R E C O R D I N G T H E E X P E R I M E N T A L D A T A . T H E D E P E N D E N T B L O O D 
P R E S S U R E V A R I A B L E S W E R E R E C O R D E D A F T E R M E A S U R E M E N T W I T H A R I E S T E R A N E R O I D 
S P H Y G M O M A N O M E T E R A N D S T E T H O S C O P E . 
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CHAPTER I I I 
EXPERIMENTAL DESIGN AND PROCEDURE 
The purpose of th i s chapter i s to describe the design of the experi­
ment, explain the var iables , and describe the experimental approach. 
Subjec t s . - -F ive male co l lege students were randomly se lected ( i . e . , from 
a f ra tern i ty group of s ix ty students, f ive were se lected by drawing 
numbers) as subjects to work on the tors ion machine. A l l f i v e of the 
subjects were r ight handed. They a l l previously had passed the Georgia 
Tech physical f i tnes s t e s t s , and had been subjected to the physical 
education required of a l l such students. Although no remuneration was 
avai lable , a l l of the subjects appeared wi l l ing to cooperate to the 
f u l l e s t extent. No formal individual motivation was introduced. 
Speeds .—The speed sequence at which the subjects worked, i . e . , slow 
f i r s t or f a s t f i r s t , was randomized for each of the repl icat ions of 
the experiment. Each subject worked three minutes and rested three 
minutes, worked three and rested three, e t c . , u n t i l he had worked 5 thre 
minute periods and rested 5 three-minute periods at each speed. Reading 
of the dependent variables were taken prior to the s tar t of the f i r s t 
work period to give a s tart ing point so that a t o t a l of s i x sets of read 
ings were taken giving s ix periods of res t and work which completed the 
work cycle (Figure 3 ) - The res t period data i s not considered in this 
thes i s . After each subject had completed work cycles at the slow and 
f a s t speeds, the experiment was repl icated with the order of the speeds 
16 
again randomized. Work periods for each subject were held a minimum 
of one day apart so that no subject completed more than one work cycle 
each day. See Figure U for a diagram of the main effects (subjects, 
time, replication, and speed). 
*0 t wl V l tw2 t r 2 tw3 TR3 t ] wa t j 1 T w> T T 
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Figure 3- Subject Afork Cycle. 
(Crcsshatching indicates recording times) 
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Figure ji. Experimental Design. 
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C o n c o m i t a n t V a r i a b l e s . — T h e c o n c o m i t a n t v a r i a b l e s r e c o r d e d w e r e t e m p e r ­
a t u r e , r e l a t i v e h u m i d i t y , t i m e o f d a y , s u b j e c t h e i g h t , s u b j e c t w e i g h t y 
s u b j e c t w e i g h t t o h e i g h t r a t i o , s u b j e c t a g e , a n d s u b j e c t p h y s i c a l f i t ­
n e s s . T e m p e r a t u r e w a s r e c o r d e d a t t h e b e g i n n i n g a n d e n d o f e a c h w o r k 
c y c l e a n d r a n g e d f r o m a h i g h o f 87.5 t o a l o w o f 7 J 4 . I d e g r e e s F a h r e n h e i t . 
R e l a t i v e h u m i d i t y w a s r e c o r d e d a t t h e b e g i n n i n g a n d e n d o f e a c h w o r k 
c y c l e w i t h a r a n g e o f 65.5 t o l j .2 .5 p e r c e n t . S u b j e c t s 1 w o r k p e r i o d s 
w e r e s c h e d u l e d t o s t a r t a t t h e i r c o n v e n i e n c e ^ f r o m e i g h t A . M . t o a s l a t e 
a s s i x P . M . S u b j e c t h e i g h t s r a n g e d f r o m 66 t o 7k i n c h e s w i t h a w e i g h t 
r a n g e o f 150 t o 190 p o u n d s w h i l e s u b j e c t w e i g h t t o h e i g h t r a t i o v a r i e d 
f r o m 2 . 6 1 ; t o 2 . 1 2 p o u n d s p e r i n c h o f h e i g h t . A g e s r a n g e d f r o m e i g h t e e n 
t o t w e n t y - e i g h t y e a r s . S i n c e o n e s u b j e c t w a s a w e i g h t l i f t e r a n d i n 
a p p a r e n t l y s u p e r i o r p h y s i c a l f i t n e s s , h e w a s p l a c e d i n a s e p a r a t e c l a s s 
f r o m t h e o t h e r s u b j e c t s ( T a b l e l ) . T h e d e p e n d e n t v a r i a b l e s s t u d i e d w e r e 
h e a r t s o u n d , b l o o d p r e s s u r e ( s y s t o l i c , d i a s t o l i c , a n d t h e i r d i f f e r e n c e ) , 
a n d g a l v a n i c s k i n r e s p o n s e , 
T a b l e 1 . O p e r a t o r C o n c o m i t a n t D a t a 
O p e r a t o r N o . A g e H e i g h t W e i g h t F i t n e s s W t . / H t . 
° i 
19 70" 185 # 1 2 . 6 I 4 # / i n . 
0 2 21 72" 153 # 0 2 .12 # / i n . 
03 18 66" 150 # 0 2.27 # / i n . 
°k 28 lh" 190 # 0 2.57 # / i n . 
° 5 
20 70" 165 # 0 2.36 # / i n . 
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Environmental conditions during the experimentation were as f o l ­
lows. The second f l o o r room in which, the experiments were conducted was 
approximately twenty f ee t wide "by t h i r t y f ee t in length. The ce i l ing 
and upper half of the walls were painted l i g h t pea green while the 
lower port ion of the walls were medium green in co lor . The windows in 
the room were on the south wall so that the sun never shone d irec t ly 
into the room and onto the subjects . The windows were opened throughout 
the entire experiment as were the ven t i l a t i on louvers on the tops of the 
doors. The doors were closed throughout the experiments for privacy 
although at times subjects not under study at that part icular time were 
present during other subject ' s experiment periods. Lighting was pro­
vided by daylight and f luorescent l ight ing f i x t u r e s . The noise l e v e l 
was that of a normal classroom as the experimentation room was previously 
used as a classroom in the School of Industr ia l Engineering Building on 
the Georgia Tech campus. The experiments were conducted during the 
month of May, i960. 
Procedure.--The experimental procedure employed for each subject was 
ident ica l so that i t w i l l suf f ice to explain the procedure for one sub­
j e c t . 
According to a prearranged schedule for the ent ire experiment, the 
subject arrived at the laboratory at the beginning of the hour. A l l 
subjects were instructed to wear gym shorts and hard soled shoes. They 
changed into these clothes immediately after arr iva l and rested for a 
minimum of ten minutes. (Usually they sat in a straight backed chair 
provided for th i s purpose.) The subjects were Instructed on the general 
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n a t u r e o f t h e e x p e r i m e n t , b u t t h e s p e c i f i c o b j e c t i v e s , m e a s u r e m e n t s , 
a n d p e r f o r m a n c e f a c t o r s w e r e n o t d i s c u s s e d . T h e y w e r e , i f c u r i o u s ( a n d 
s o m e w e r e ) p e r m i t t e d t o c o m e a n d g o i n t h e l a b o r a t o r y a s t h e y 
p l e a s e d — w h e n n o t w o r k i n g . W h e n t h e e x p e r i m e n t w a s c o m p l e t e d , t h e 
s u b j e c t s w e r e g i v e n a c c e s s t o t h e r e s u l t s . H e t h e n m o u n t e d t h e t o r s i o n 
m a c h i n e a n d t h e a u t h o r a n d a n a s s i s t a n t t a p e d t h e r e c o r d i n g a p p a r a t u s 
t o h i s b o d y i n t h e f o l l o w i n g m a n n e r . T h e b l o o d p r e s s u r e c u f f w a s t a p e d 
t o h i s u p p e r l e f t a r m s o t h a t i t w a s a l w a y s i n p o s i t i o n t o i n f l a t e . T h e 
c o p p e r G S R e l e c t r o d e s w e r e c o a t e d w i t h s t a n d a r d S a n b o r n R e d u x p a s t e a n d 
t h e n t a p e d t o t h e p a l m s o f h i s h a n d s . T h e h e a r t s o u n d m i c r o p h o n e , 
e n c a s e d i n f o a m r u b b e r f o r p r o t e c t i o n a n d t o m u f f l e o u t e x t r a n e o u s s o u n d s , 
w a s t h e n t a p e d t o a r u b b e r c h e s t b a n d p l a c e d a r o u n d t h e s u b j e c t ' s c h e s t 
t o i n s u r e f i r m c o n t a c t o f t h e m i c r o p h o n e w i t h t h e c h e s t ( F i g u r e 5)• T h e 
c h e s t l o c a t i o n y i e l d i n g t h e l o u d e s t s o u n d o f e a c h s u b j e c t ' s h e a r t w a s 
p r e d e t e r m i n e d w i t h a s t e t h o s c o p e a n d t h e p o s i t i o n m a r k e d w i t h i n k s o 
t h a t t h e m i c r o p h o n e c o u l d b e p l a c e d i n t h e o p t i m u m p i c k u p p o s i t i o n w i t h 
m i n i m u m d e l a y . 
W i t h t h e a p p a r a t u s s a t i s f a c t o r i l y i n p o s i t i o n , t h e s u b j e c t w a s t o l d 
t o s t a n d o n f o o t - p r i n t m a r k s o n t h e t o r s i o n m a c h i n e t o i n s u r e u n i f o r m i t y 
a m o n g s u b j e c t ' s p o s i t i o n a n d b e t w e e n d i f f e r e n t c y c l e s . H i s l e f t h a n d 
w a s p l a c e d o n t h e a r m r a i l a n d t h e s u b j e c t w a s r e a d y t o s t a r t w o r k i n g . 
R o o m t e m p e r a t u r e a n d r e l a t i v e h u m i d i t y w e r e r e c o r d e d a n d t h e n t h e m e t r o ­
n o m e w a s t u r n e d o n . T h e m e t r o n o m e h a d b e e n s e t a t t h e p r o p e r s p e e d 
b e f o r e t h e s u b j e c t a r r i v e d , a n d a l t h o u g h h e r e c o g n i z e d t h e s l o w o r f a s t 
s p e e d , h e w a s n o t t o l d t h a t t w i c e t h e e n e r g y w a s b e i n g e x p e n d e d i n t h e 
f a s t s p e e d . 
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G S R , h e a r t s o u n d , a n d b l o o d p r e s s u r e r e a d i n g s w e r e t a k e n p r e ­
c e d i n g t h e w o r k p e r i o d s . T h e h e a r t s o u n d w a s t a k e n i n t h e f o l l o w i n g 
m a n n e r . T h e r e c o r d e r w a s c a l i b r a t e d s o t h a t o n e m i l l i v o l t o f i n p u t 
f r o m t h e m i c r o p h o n e c a u s e d t h e r e c o r d e r s t y l u s t o m o v e w i t h a n a m p l i t u d e 
o f o n e c e n t i m e t e r a n d t h e r e c o r d i n g t a p e w a s m o v e d a t t w e n t y - f i v e m i l l i ­
m e t e r s a s e c o n d f o r a p p r o x i m a t e l y f i v e s e c o n d s d u r i n g e a c h r e c o r d i n g 
p e r i o d . T h e G S R a n d b l o o d p r e s s u r e w e r e r e a d d i r e c t l y f r o m t h e i n s t r u ­
m e n t s a n d a w r i t t e n r e c o r d w a s m a d e . 
A f t e r t h e f i r s t r e a d i n g s o f a l l d e p e n d e n t v a r i a b l e s h a d b e e n t a k e n , 
t h e s u b j e c t w a s t o l d t o s t a r t p u l l i n g t h e l e v e r a r m o n t h e t o r s i o n m a c h i n e 
a t t h e s a m e r a t e a s t h e m e t r o n o m e s i g n a l s . A f t e r t h r e e m i n u t e s o f w o r k 
h a d e l a p s e d , t h e s u b j e c t w a s i n s t r u c t e d t o s t o p a n d r e a d i n g s o f t h e 
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d e p e n d e n t v a r i a b l e s w e r e i m m e d i a t e l y t a k e n b y t h e a u t h o r a n d h i s a s s i s t a n t 
( F i g u r e 6 ) . T h e s u b j e c t t h e n r e s t e d f o r t h r e e m i n u t e s a t t h e e n d o f 
w h i c h t i m e r e a d i n g s o f t h e v a r i a b l e s w e r e a g a i n t a k e n . T h e s u b j e c t t h e n 
r e p e a t e d t h e t a s k f o r t h r e e m i n u t e s a n d r e a d i n g s w e r e t a k e n i n t h e s a m e 
m a n n e r . T h i s p r o c e d u r e w a s f o l l o w e d u n t i l t h e s u b j e c t h a d c o m p l e t e d 
f i v e w o r k p e r i o d s ( F i g u r e 3 ) . D a t a w e r e c o l l e c t e d a t t h e e n d o f t h e 
f i f t h w o r k p e r i o d a n d a g a i n a f t e r t h r e e m i n u t e s o f r e s t . 
A t t h e e n d o f t h e t e s t p e r i o d ( t h i r t y - t h r e e m i n u t e s ) t e m p e r a t u r e 
a n d r e l a t i v e h u m i d i t y w e r e a g a i n r e c o r d e d , t h e r e c o r d i n g a p p a r a t u s w e r e 
r e m o v e d f r o m t h e s u b j e c t , a n d h e w a s e x c u s e d u n t i l t h e n e x t w o r k p e r i o d . 
T h i s s a m e p r o c e d u r e w a s f o l l o w e d f o r t h e f o u r w o r k p e r i o d s o f e a c h o f 
t h e f i v e s u b j e c t s . 
F i g u r e 6 . D e p e n d e n t V a r i a b l e s B e i n g R e c o r d e d . 
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C H A P T E R I V 
A N A L Y S I S A N D R E S U L T S 
I n o r d e r t o e v a l u a t e t h e e f f e c t s o f t h e t w o s p e e d s , t h e s e t o f 
t h r e e m i n u t e w o r k p e r i o d s , a n d t h e r e p l i c a t i o n s o n t h e d e p e n d e n t v a r i a b l e s 
a m o n g t h e f i v e s u b j e c t s , a s p l i t - p l o t f a c t o r i a l d e s i g n w a s u s e d . I t i s 
s e e n f r o m F i g u r e s 3 a n d I4 . t h a t t h i s d e s i g n i n c o r p o r a t e s a s p l i t - p l o t 
f o r t h e t i n e v a r i a b l e , w h i l e t h e s p e e d s , r e p l i c a t i o n s , a n d s u b j e c t s 
f o r m t h e m a i n p l o t s . I t s h o u l d b e n o t e d t h a t s o m e p r e c i s i o n i s g a i n e d 
i n ' f i n d i n g t h e s i g n i f i c a n c e o f t h e t i m e e f f e c t b y t h e s p l i t - p l o t d e s i g n . 
T h e d a t a f o r t h e d e p e n d e n t v a r i a b l e s w e r e r e c o r d e d a n d c o d e d i n 
t h e f o l l o w i n g m a n n e r . H e a r t s o u n d d a t a w e r e o b t a i n e d b y a v e r a g i n g f o u r 
a m p l i t u d e s ( i n m i l l i m e t e r s ) f r o m e a c h r e a d i n g ( F i g u r e ? ) • T h e s e a m p l i ­
t u d e s w e r e a r b i t r a r i l y s e l e c t e d o n a q u a l i t y b a s i s , i . e . , s o m e s o u n d 
w a v e s w e r e d i s t o r t e d b y e x t r a n e o u s n o i s e s s u c h a s t h e s u b j e c t c o u g h i n g . 
F i g u r e 7 - H e a r t S o u n d R e c o r d i n g T a p e . 
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This average was then mult ipl ied by ten and increased by 61+ to form 
the code. Heart sound was ca l led independent variable "yg". Galvanic 
skin response was read in mhos at the end of each three minute work 
period. These readings were mult ipl ied by ten and reduced by 59 to form 
the coded data, GSR was ca l led dependent variable n y y . Three di f ferent 
measures of blood pressure were analyzed. S y s t o l i c , d i a s t o l i c , and the 
difference between sys to l i c and d ias to l i c pressures were recorded. 
S y s t o l i c , "y^ 'S w a s reduced by 66 to form the coded data while d i a s t o l i c , 
ujrju) was reduced by 30 to form i t s code and the difference between 
uncoded sys to l i c and d i a s t o l i c 9 "y^", was reduced by 22 to form that 
code. 
Table 2 i s a breakdown of the analysis showing the sums of squares 
for each source of variat ion including the interact ions . 
The actual values of the mean squares for each dependent variable 
(coded) are shown in Table 3« Table h shows the values for the F rat io 
of each variable and the f ive and one percentage point values of the F 
dis tr ibut ion for these r a t i o s . 
Results.—From Table IJ., i t i s seen that rep l i ca t ion , speed and the speed 
and operator interact ion were not s igni f icant under the conditions of 
this experiment. Differences among operators, however, did cause a s ig ­
ni f icant difference in the readings of both sys to l i c and d ias to l i c 
blood pressure. A l s o , the s ix time periods s ign i f i cant ly affected the 
GSR, heart sound, and the difference in blood pressures readings while 
A. H. Bowker and G. J. Lieberman, Engineering S t a t i s t i c s , 
Prentice-Hall , I n c . , Englewood C l i f f s , N. J ~ 1959, p . 560. 
T a b l e 2. S p l i t - p l o t E x p e r i m e n t a l D e s i g n . S o u r c e s o f V a r i a t i o n . 
S o u r c e D . F . S u m s o f S q u a r e s 
R 1 
E T 2 . . k . / 6 ° -
k 
t 2 . . . / i 2 ° 
L 1 Y T 2 . /6o - T2 /120 
0 H T2^ y i20 
1 0 H E ^ 2 i . . / A 2 -
II 
E T \ ' 6 0 • 
i 
2 
- F.T . . £ / 2 h + '120 
( R L + R O + L R O ) " 9 R T2 /6 -
i k / i - k / 
E T 2 , /6o • 
k . . k . 
- ET 2 . 
I7 1 
Vl2 + T 2 • 4 . .A20 
-r 
i $ E T 2 i : j . /20 - T 2 /120 
LT E T^.YIO - CT2 , /20 • J - J • • - ET ± /60 + T /120 
i 
0 T 20 
J 
E T /20 • 
J' 
- £ R 
/ . .*/
2 i i + T . . / 1 2 ° 
( R T + R L T + R O T + R O TL+0 T L ) 7 0 ET2 • . / 2 a + ET 2 I '60 + 
_ i 
ET2 . 
i ' J ' 
^ — j 2 
/20 - Z_» T . 
i k / 1 
, /6 - E T 2 . . 
J< 
J/LX +EY 2 I J K / 
i j k / 
/120 
T o t a l 119 T 2 /120 . 
" " r X a i n P l o t R e s i d u a l - - - " S p l i t - P l o t R e s i d u a l 
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Table 3. Mean Square Values 
Source Variable 















































208 ,824 .804 
112,110,554 
70,736.593 




the speed and time periods interact ion was s ign i f i cant in affect ing 
heart sound. The interact ion between operators and the time periods 
was a s igni f icant influence on the d ias to l i c blood pressure readings 
as well as those of heart sound under the conditions of th is experi­
ment. A br ie f discussion of these relat ionships w i l l fo l low for each 
source. 
Replicating the experiments did not s i gn i f i cant ly a f fec t any of the 
dependent var iab les . These resu l t s indicate that the error among 
t r i a l s was apparently well control led . 
As was pointed out in the introduction, blood pressure was expected 
to vary s i gn i f i cant ly among workers. Under the conditions of th i s exper­
iment, both sys to l i c and d ias to l i c blood pressure varied s i gn i f i cant ly 
among workers ( d i a s t o l i c at the 0 .01 l e v e l of s ign i f i cance) ; however, 
the difference between sys to l i c and d ias to l i c pressures was not s i gn i f i cant ly 
affected by the various operators. See Figures 8 and 9 for the 
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Table 1+. A n a l y s i s o f Va r i ance Data 
























































A 76 77 
^8 
^5 
A Jl 7k 
R e s . MP 1/9 5 .12 10.6 3-09 
R e s . MP 1/9 5 . 1 2 10.6 o.I+o 
R e s . MP 1/9 5 . 1 2 10.6 X-U7 
R e s . MP 1/9 5 . 1 2 10.6 2.89 
R e s . MP 1/9 5 . 1 2 10.6 0 .05 
LO 1 A 7.71 21.2 0.001 
LO l/h 7.71 21.2 0,ll+ LO A 7.71 21.2 0.70 
LO iA 7.71 21.2 1.86 
LO iA 7.71 21.2 U.36 
R e s . MP h/9 3.63 6.^2 2.67 R e s . MP h/9 3.63 6.1+2 1.61 R e s . MP h/9 3.63 6.1+2 6 . 3 1 * R e s . MP h/9 3.63 6.1+2 7.2U** R e s . MP h/9 3.63 6.hO 1.81 R e s . MP h/9 3.63 6.1+2 1.76 R e s . MP h/9 3.63 6.1+2 0.61 R e s . MP h/9 3.63 6.1+2 o.hl R e s . MP h/9 3.63 6.1+2 0.1+6 R e s . MP h/9 3.63 6.1+2 0.97 OT 5/20 2.71 1+.10 26.0JJVTF* 
OT 5/20 2.71 1+.10 1,38 
OT 5/20 2.71 1+.10 O.69 
OT 5/20 2.71 l+.io 0 .80 
OT 5/20 2.71 1+.10 )4 .35^ 
R e s . SP 5/70 2.35 3.29 1.01+ 
R e s . SP 5/70 2.35 3.29 1 .19 
R e s . SP 5/70 2.35 3.29 1.28 
R e s . SP 5/70 2.35 3.29 0 .27 
R e s . SP 5/70 2.35 3.29 2.98* 
R e s . SP 20/70 1.72 2 . 1 5 0 .66 
R e s . SP 20/70 1.72 2 . 1 5 1.66 
R e s . SP 20/70 1.72 2 . 1 5 I . 2 3 
R e s . SP 20/70 1.72 . 2 , 1 5 2. 0L+-X" 
R e s . SP 20/70 1.72 2 . 1 5 2.12* 
' S i g n i f i c a n t a t the $% l e v e l . 
' "S ign i f i can t at the 1% l e v e l 
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c u r v e s o f a v e r a g e r e s u l t s . A l s o , G S R a n d h e a r t s o u n d w e r e n o t s i g n i f i ­
c a n t l y a f f e c t e d b y t h e d i f f e r e n c e a m o n g o p e r a t o r s . 
O n e o f t h e m o r e i n t e r e s t i n g r e s u l t s o f t h e e x p e r i m e n t w a s t h e 
e f f e c t o n t h e d e p e n d e n t v a r i a b l e s d u e t o t h e t w o s p e e d s . I t w a s 
e x p e c t e d t h a t s p e e d w o u l d b e o n e o f t h e m o s t s i g n i f i c a n t s o u r c e s o f 
v a r i a t i o n s i n c e e x a c t l y t w i c e t h e e n e r g y w a s e x p e n d e d i n p e r f o r m i n g t h e 
t a s k a t t h e f a s t s p e e d t h a n a t t h e s l o w s p e e d . H o w e v e r , s p e e d h a d n o 
s i g n i f i c a n t I n f l u e n c e o n t h e d e p e n d e n t v a r i a b l e s u n d e r t h e c o n d i t i o n s o f 
t h i s e x p e r i m e n t . A n e x p l a n a t i o n o f t h i s r e s u l t c o u l d b e t h a t e v e n f a s t 
s p e e d d i d n o t r e q u i r e s u f f i c i e n t e n e r g y e x p e n d i t u r e o f t h e s u b j e c t s t o 
a f f e c t t h e d e p e n d e n t v a r i a b l e s m e a s u r e d . T h i s c o u l d b e c l a s s i f i e d a s 
a s u b - t h r e s h o l d w o r k l o a d w i t h r e s p e c t t o t h e s e v a r i a b l e s . T h e r e f o r e , 
i n o r d e r f o r t h e s e v a r i a b l e s t o b e u s e f u l i n d i c a t o r s o f l o a d o r e n e r g y 
e x p e n d i t u r e , t h e a m o u n t o f w o r k w o u l d h a v e t o b e i n c r e a s e d . 
P r o b a b l y t h e m o s t i m p o r t a n t r e s u l t s o f t h i s r e s e a r c h w a s t h e s i g ­
n i f i c a n c e o f t h e s i x t i m e p e r i o d s w i t h i n e a c h w o r k c y c l e . T h e l i n e a r 
c o m p o n e n t o f t h e e f f e c t s o f t h e t i m e v a r i a b l e w a s s i g n i f i c a n t a t t h e 
0.005 p e r c e n t a g e l e v e l o f c o n f i d e n c e f o r b o t h G S R a n d h e a r t s o u n d 
( T a b l e s 5 a n d 7)- A t t h e 0.05 p e r c e n t a g e l e v e l o f c o n f i d e n c e , t i m e 
p e r i o d s s h o w e d a q u a d r a t i c r e l a t i o n s h i p t o t h e d i f f e r e n c e b e t w e e n s y s t o l i c 
2 9 
a n d d i a s t o l i c b l o o d p r e s s u r e . T h e l e a s t s q u a r e s y e s t i m a t e o f t h i s r e l a -
t i o n s h i p w a s y = 4 O . 6 7 + 0.506t - 0.0l6t , w h e r e y i s t h e d i f f e r e n c e i n 
p r e s s u r e s . T h e s e r e l a t i o n s h i p s t e n d t o s h o w , a t l e a s t o n t h e s e t h r e e 
F r a n k Y a t e s a n d R . A . F i s h e r , T a b l e X X 1 1 1 , " O r t h o g o n a l P o l y ­
n o m i a l s , " S t a t i s t i c a l T a b l e s f o r B i o l o g i c a l , A g r i c u l t u r a l a n d M e d i c a l 
R e s e a r c h , H a f n e r P u b l i s h i n g C o . , N e w Y o r k , 1953, p . 8 0 . 
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v a r i a b l e s , t h a t a l o w l e v e l o f e n e r g y o u t p u t , f a t i g u e c o u l d b e i n d e p e n d e n t 
o f t h e t h r e s h o l d f o r c e a p p l i e d b u t s t i l l b e r e l a t e d t o t h e t i m e t h i s 
f o r c e i s a p p l i e d ( F i g u r e s 1 3 , lh9 a n d T h i s c o u l d h a v e n o t e w o r t h y 
s i g n i f i c a n c e i n i n d u s t r i a l a p p l i c a t i o n s w h e r e f a t i g u e c u r v e s c a n n o t b e 
c o n s t r u c t e d , a t p r e s e n t , d u e t o t h e l i g h t n a t u r e o f t h e e x i s t i n g w o r k . 
T h e i n t e r a c t i o n b e t w e e n o p e r a t o r s a n d t i m e s h o w e d a s i g n i f i c a n t e f f e c t 
o n b o t h d i a s t o l i c b l o o d p r e s s u r e a n d h e a r t s o u n d ( F i g u r e s 1 1 a n d 1 2 a n d 
T a b l e 7 ) . T h i s s i g n i f i c a n c e w a s a n t i c i p a t e d s i n c e a t l e a s t o n e o f t h e 
o p e r a t o r s w a s i n a p p a r e n t l y s u p e r i o r p h y s i c a l c o n d i t i o n . H e w o u l d 
t h e r e f o r e b e e x p e c t e d t o c o m p l e t e t h e t a s k w i t h l e s s p h y s i c a l s t r a i n a n d 
l e s s c h a n g e i n t h e d e p e n d e n t v a r i a b l e s t h a n t h e o t h e r s u b j e c t s . I t i s 
i m p o r t a n t t o n o t e t h a t s i n c e G S R a n d t h e d i f f e r e n c e b e t w e e n s y s t o l i c a n d 
d i a s t o l i c b l o o d p r e s s u r e s w e r e n o t s i g n i f i c a n t , t h e s e v a r i a b l e s c o u l d b e 
v e r y v a l u a b l e i n f u r t h e r w o r k i n t h a t i t m i g h t n o t b e n e c e s s a r y t o 
s t r a t i f y t h e s u b j e c t s o r w o r k e r s i n t o g r o u p s a c c o r d i n g t o t h e i r a p p a r e n t 
p h y s i c a l f i t n e s s . 
T h e i n t e r a c t i o n b e t w e e n o p e r a t o r s a n d s p e e d , c o n t r a r y t o a n t i c i p a ­
t i o n , s h o w e d n o s t a t i s t i c a l s i g n i f i c a n c e t o t h e d e p e n d e n t v a r i a b l e s 
m e a s u r e d . T h i s i s p r o b a b l y e x p l a i n e d b y t h e s a m e r e a s o n i n g u s e d i n t h e 
l a c k o f s i g n i f i c a n c e s h o w e d b y s p e e d i n t h a t t h e t a s k w a s t o o e a s y t o 
c a u s e n o t i c e a b l e f a t i g u e i n t h e s u b j e c t s r e l a t i v e t o t h e a m o u n t o f f o r c e 
t h e y w e r e e x e r t i n g . 
S p e e d a n d t i m e i n t e r a c t e d s i g n i f i c a n t l y o n t h e v a r i a b l e o f h e a r t 
s o u n d ( F i g u r e 1 0 a n d T a b l e 6 a n d 7 ) . A g a i n s i g n i f i c a n c e w a s e x p e c t e d 
f r o m t h i s i n t e r a c t i o n , s i n c e s p e e d a n d t i m e w o u l d b e t h e t w o m a i n f a c t o r s 
i n v o l v e d i n p h y s i c a l f a t i g u e . W h i l e t h e s p e e d a l o n e w a s s u b - t h r e s h o l d 
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A N D N O N - S I G N I F I C A N T W I T H I N T H E L I M I T S O F T H I S E X P E R I M E N T , I T W A S S U F F I ­
C I E N T T O I N T E R A C T W I T H T I M E . I F T H E W O R K T I M E P E R I O D H A D B E E N E X T E N D E D , 
E . G . , E I G H T H O U R S , O N E W O U L D S U S P E C T T H A T T H I S I N T E R A C T I O N W O U L D R E M A I N 
S I G N I F I C A N T A N D A L S O T H A T T H E M A I N E F F E C T O F S P E E D W O U L D B E S I G N I F I C A N T . 
N O T E , A L S O , T H A T T I M E A N D T H E S P E E D X T I M E I N T E R A C T I O N W E R E S P L I T -
P L O T V A R I A B L E S A N D T H U S H A D A S M A L L E R R E S I D U A L V A R I A N C E A N D T H E R E F O R E 
C O U L D R E A C H S I G N I F I C A N C E E A S I E R T H A N T H E S P E E D M A I N E F F E C T W H I C H W A S A 
W H O L E - P L O T V A R I A B L E . 
T H E S T A N D A R D D E V I A T I O N S O F T H E F I V E D E P E N D E N T V A R I A B L E V A L U E S F O R 
T H E M A I N P L O T A N D S P L I T - P L O T E R R O R S A R E A S F O L L O W S . F O R T H E S P L I T - P L O T 
E R R O R , W H I C H C O N S I S T S O F T H E S I X T I M E P E R I O D S , T H E S T A N D A R D D E V I A T I O N S 
W E R E : G S R - 20.0 M H O S ; T H E D I F F E R E N C E B E T W E E N S Y S T O L I C A N D D I A S T O L I C 
B L O O D P R E S S U R E S - 5-8 M I L L I M E T E R S O F M E R C U R Y ; S Y S T O L I C B L O O D P R E S S U R E -
6.7 M I L L I M E T E R S O F M E R C U R Y ; D I A S T O L I C B L O O D P R E S S U R E - I J . O M I L L I M E T E R S 
O F M E R C U R Y ; A N D H E A R T S O U N D - 27.7 M I L L I M E T E R S . T H E M A I N P L O T E R R O R 
S T A N D A R D D E V I A T I O N S W E R E : G S R - 39,9 M H O S ; T H E D I F F E R E N C E B E T W E E N 
S Y S T O L I C A N D D I A S T O L I C B L O O D P R E S S U R E S - 5.0 M I L L I M E T E R S O F M E R C U R Y ; 
S Y S T O L I C B L O O D P R E S S U R E - 5*3 M I L L I M E T E R S O F M E R C U R Y ; D I A S T O L I C B L O O D 
P R E S S U R E - I | , 6 M I L L I M E T E R S O F M E R C U R Y ; A N D H E A R T S O U N D - 1+2.14. M I L L I ­
M E T E R S . 
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Table 5- M u l t i p l e Order R e l a t i o n s h i p s 
Order Time Mean Squares t o Operator x Time I n t e r a c t i o n Mean Squares 
J3 y 5 y 6 ^8 
Linear 128.172"'" 0.148 0.065 0 . 1 3 4 17.068* 
Quadrat i c 0.513 4.404* 0.012 2.386 3.498 
Cubic 0.iil9 2.238 1.586 1.089 0 . 9 3 9 
Quar t i c 1.101 0.064 1.504 0.343 0.007 
Q u i n t i c 0.005 0.037 0.002 0 . 0 4 3 O.248 
% F V a l u e = 4 - 3 5 
/ N s i g n i f i c a n c e o f t h e 5% l e v e l 
T a b l e 6. M u l t i p l e Order R e l a t i o n s h i p s 
Speed x Time I n t e r a c t i o n Mean Squares 
Order t o S p l i t - P l o t R e s i d u a l Mean Squares 
J3 y 5 YE J7 ^8 
Linear 2.972 0 .049 0.076 0.151 9.755* 
Quadrat i c 1.112 0.257 1.779 0.257 3.090 
Cubic 0.896 3.863 3.570 O . 2 6 4 1.987 
Quart i c 0.168 1.762 0.088 0.503 0.051 
Q u i n t i c 0.032 0 . 0 4 4 0.896 0.153 0.001 
% F Va lue = 3-98 
" s i g n i f i c a n c e a t t h e 5% l e v e l 
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T a b l e 7 • L e a s t S q u a r e s C u r v e s a n d C o r r e l a t i o n s 
S o u r c e V a r i a b l e E q u a t i o n C o r r e l a t i o n 
C o e f f i c i e n t 
T H S 7 = 0 . 1 + 7 0 t + 1 1 . 6 2 7 0 . 7 5 7 
T G S R 7 0 . 5 0 2 t + 3 1 . 2 6 1 + 0 . 8 1 + 0 
L 1 T 
H S 7 7 . 1 2 7 t + 1 ^ 3 . 7 6 7 0 . 7 2 0 
0 - j T D i a s . B P 7 0 . 1 2 6 t + 7 0 . 1 9 0 0 . 1 + 2 1 + 
0 2 T D i a s . B P 7 0 . 0 7 0 t + 7 0 . 1 + 0 5 0 . 5 3 7 
O ^ T D i a s . B P 7 - - 0 . 0 6 0 t + 6 1 . 8 1 0 - 0 . 1 + 1 2 
0HT D i a s . B P 7 = 0 . 2 6 l t + 6 7 . 8 8 1 O . 7 6 1 
O ^ T D i a s . B P 7 = - 0 . 3 1 2 t + 6 3 . 0 9 5 - 0 . 7 2 7 
0±T H S 7 = 0 . 0 3 l + t + 5 . 2 3 8 0 . 3 7 1 
0 2 T H S 7 = 0 . 5 6 2 t + 7 . 5 6 o 0 . 8 0 9 
0 3 T H S 7 = O . O l O t + 1 7 . 7 5 5 0 . 0 0 9 
V H S 7 = 1 . 2 3 9 t + 1 0 . 8 7 1 0 . 5 5 5 









Operators Figure Li. The Efect of 0 on Systolic Blood Pres­sure 
Figure 10. The Efect of the LT Interaction on Heart 
















C D 2 0 
£ 1 0 
t h 
2 j 4 
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C H A P T E R V 
C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 
T h e r e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e t h a t i n t a s k s i n v o l v i n g 
l i g h t p h y s i c a l w o r k f o r a s h o r t p e r i o d o f t i m e , w h i c h c o u l d b e c l a s s i ­
f i e d a s s u b - c r i t i c a l i n t h a t t h e r e i s n o a p p r e c i a b l e c h a n g e i n G S R a n d 
h e a r t s o u n d d u e t o t h e i n t e n s i t y o f t h e w o r k , t i m e o f w o r k i s t h e f a c t o r 
r e s p o n s i b l e f o r f a t i g u e . A l s o , g a l v a n i c s k i n r e s p o n s e a n d h e a r t s o u n d , 
u n d e r t h e c o n d i t i o n s o f t h i s e x p e r i m e n t , i n c r e a s e l i n e a r l y a s t h e w o r k 
p e r i o d s p r o g r e s s . 
I n i n d u s t r i a l a p p l i c a t i o n s , i t a p p e a r s t h a t m o r e t h o u g h t s h o u l d 
b e g i v e n t o t h e t i m e , o n c e r t a i n t a s k s i n v o l v i n g r e l a t i v e l y s m a l l e n e r g y 
o u t l a y s p r e v i o u s l y t h o u g h t t o o s m a l l t o a d d s i g n i f i c a n t l y t o f a t i g u e . 
A n a n a l o g y c o u l d b e d r a w n t o a p o w e r f u l 4 O O h o r s e p o w e r c a r c r u i s i n g o v e r 
s m a l l h i l l s . A t t h e s t a r t , t h e c a r w o u l d n o t c o n s u m e a p p r e c i a b l y m o r e 
f u e l o n t h e s m a l l h i l l s t h a n o n l e v e l l a n d . H o w e v e r , i f t h e c a r c o n ­
t i n u e d t h i s c r u i s i n g u n t i l t h e 1 0 , 0 0 0 m i l e c h e c k u p t i m e w a s n e a r i n g , i t 
w o u l d p r o b a b l y b e f o u n d t h a t t h e c a r w a s u s i n g m o r e f u e l t h a n p r e v i o u s l y . 
T h e s a m e c a r t r a v e l l i n g o v e r l a r g e m o u n t a i n s w o u l d u s e m o r e f u e l . T h e 
p e r s o n , a l t h o u g h s e e m i n g l y p e r f o r m i n g e f f o r t l e s s w o r k , d o e s , i n t i m e , 
b e c o m e f a t i g u e d , i . e . , e x p e n d i n g e n e r g y a t a " c r u i s i n g r a t e , " b u t w o u l d 
e x p e n d s i g n i f i c a n t l y g r e a t e r a m o u n t s o f e n e r g y o n w o r k i n v o l v i n g m o r e 
s e v e r e p h y s i c a l e x e r t i o n . I t s h o u l d f o l l o w t h a t h i s p e r f o r m a n c e c o u l d 
r e d u c e i n a c c u r a c y a n d s p e e d i f p r o p e r r e s t ( t i m e t o r e p l e n i s h u s e d e n e r g 
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i s not permitted. In jobs of th i s l i gh t nature, GSR and heart sound 
probably are accurate indicators of fat igue and certa in ly should be 
studied further to val idate the re su l t s of th i s experiment. I t i s 
recommended that d i f ferent experimental conditions be used involving 
longer work cyc les . 
Another encouraging resul t of th is experiment was the relat ionship 
between operators and blood pressure. Although s t a t i s t i c a l l y s igni f icant 
differences were found in both sys to l i c and d ias to l i c pressures among 
di f ferent subjects , no s igni f icant variance was found among subjects for 
the difference between sys to l i c and d i a s t o l i c blood pressures. This 
l a t t e r lack of s ignif icance could be attr ibuted to the low energy output 
in th i s experiment; however, t h i s has not been shown and one i s encouraged 
to consider th i s variable for work measurement among operators. This 
variable should be tested under conditions requiring larger energy 
expenditures of the subjects and longer work cyc les . 
Another industr ia l application of the resu l t s of th i s research could 
be that on jobs requiring s u b - c r i t i c a l energy expenditures, l i t t l e impor­
tance might be attached to the actual amount of energy expended as long 
as i t i s s u b - c r i t i c a l and fat igue Is measured on a time b a s i s . Natural ly , 
more study i s necess i tated in order to define more c l e a r l y the l imi t s 
of th is c r i t i c a l region below which di f ferent amounts of work are of l i t t l e 
importance fat iguewise. As was previously s tated, under the conditions 
of th i s experiment, the s igni f icant factor affect ing the measured v a r i ­
ables was the length of time the work was carried out. The lead-time in­
teract ion, however, s i gn i f i cant ly affected GSR. 
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I t should be pointed out that heart sound, as recorded in th i s 
experiment, could not be ca l l ed operational . Uncontrollable noises such 
as coughing or loud talking caused the heart sound recordings to contain 
extraneous sounds, not emitted by the heart . In an industr ia l applica­
t ion , i t would be equal ly d i f f i c u l t to control these noise l eve l s in an 
e f fort to keep the heart sound tracings free from extraneous sounds. 
Although the sounds emitted by the heart can be recognized from other sounds 
present, some s k i l l i s required in making a pos i t ive interpretat ion of the 
recordings. Therefore, u n t i l bet ter methods of heart sound recording are 
determined, the use of th is variable should be confined to the laboratory. 
Future research carried out in th is area should also consider longer 
lengths of work. The t o t a l of f i f t e e n minutes work by each subject 
during each work cycle in this experiment could have yielded resu l t s con­
siderably di f ferent i f the work had been continued throughout an eight 
hour work day. One such experiment could have the subjects performing 
tasks involving di f ferent muscle groups for extended periods of time and 
at many di f ferent l eve l s of energy expenditure. A l so , persons of varying 
physical f i t n e s s , age, e t c , should be considered in order to poss ib ly 
f ind the d i f ferent ranges of change to expect in measured dependent v a r i ­
ables (GSR, heart sound, e t c . ) for the above suggested c lasses of operators 
at di f ferent work l e v e l s . 
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A P P E N D I X 
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PART I 
ORIGINAL UNCODED DATA 
IN MHOS - REPLICATION 1 
LOAD - 1 LOAD - 2 
T 
x o 
T L T 
2 
T 3 Tl+ T 5 
T 
0 




\ T 5 
° 1 
31.8 3u.O 38.0 1+0.2 Ui.O i+2.A 22.0 26.2 32.2 23.0 26.8 31.2 
° 2 
11.5 20.5 2u.5 23-5 23.0 28.2 10.0 11.1 15.0 17.5 13.0 15.0 
° 3 
26.II 22.0 21+ .0 22.0 32.0 35.0 55.0 55.6 55.0 1+7.0 1+8.0 52.0 
°̂  U6.0 ul+.o. 1+8.0 51+.a 5o.o 51+.o 38.0 1+2.0 32.0 38.0 38.0 36.0 
° 5 
27.0 30.0 I I I .5 13.0 19.0 5I . o 15.5 22.5 27.0 30.0 3U.O 3^.o 
IN MHOS - REPLICATION 2 
LOAD - 1 LOAD - 2 
T 0 T L T 2 T 3 T A T 
xo 
T L T 2 T 3 TL+ T 5 
° 1 
57-0 55.0 SO. 2 81.0 83.0 103.6 39-0 1+7.0 1+9.6 51.0 56.0 75. c 
° 2 
20.0 18.5 17.0 22.0 26.0 26.5 21.0 20.5 25-5 28.0 30.5 33.c 
°3 32.0 33.0 37.0 1+0.0 39.0 1+5.0 13.0 5I+.o 56.0 61.0 70.0 78.C 
°̂  12.0 11.0 L9-0 17.1+ 18.1 17.0 31.0 I+0.0 18.0 63.0 59.6 71.2 
° 5 
52.0 50.0 ?8.0 62.0 72.0 73.0 39.6 1+0.0 1+U.2 1+3.0 1+5.0 1+6.0 
39 
y i r ; i n m m . H g . - R e p l i c a t i o n 1 
L o a d - 1 L o a d - 2 
T 




T a T 5 T 0 T l 
T 2 T 3 \ T 5 
°1 1+2 50 U6 5o 32 i i O 55 52 U5 ho 37 
°2 ho 36 37 3u 36 50 55 58 a5 55 55 
°3 3h ho i l l Uo 30 36 52 50 52 50 50 U8 % 32 39 U8 a l h2 3h u2 uo 2h 3u 26 22 
°S ho 3 6 3 h 3 6 h6 3ii 3u Uo ho U 2 h2 
i n m m . H g . - R e p l i c a t i o n 2 
L o a d - 1 L o a d - 2 
T 0 T l T 2 T 3 
T5 T 0 T l T T3' T a T5 
°1 36 50 U2 . 50 1+6 l+o 32 • lo hh 38 ao 36 
°2 58 50 50 5u hh 16 30 35 30 ao a6 a6 
°3 3k 38 u8 aa 1+6 1+1+ 30 51+ 5a as 38 38 38 38 1+0 36 36 30 30 1+6 28 a2 32 ao 
°5 
28 32 12 ' 1+2 1+0 50 36 1+8 5a, 2a 38 5a 
y6 in mm. Hg. - Replication 1 Load - 1 Load - 2 
T 0 T l T l2 
T 
3 \ T 5 T o T l l2 T 3 \ Ts 
°1 122 118 12k 126 130 110 110 115 111 120 115 112 
°2 110 108 112 115 106 112 125 130 123 120 125 125 
°3 98 10U 102 102 96 102 108 n u 110 110 110 108 
110 n a 120 113 Ilk 110 110 110 108 112 106 100 
102 98 96 9U 102 98 100 100 102 102 102 102 
in mm. Hg. - Replication 2 Load - 1 
Load - 2 T 0 T l T2 T 3 T a T 5 T T l T l2 T 3 T a T 5 °1 106 116 108 118 n a 108 106 1a Ilk 112 n a n a °2 122 121; 118 12a 116 118 100 100 102 110 120 118 °3 98 100 10u 102 10a 102 98 116 112 106 100 98 °U 100 10li ioa 10a n o 108 96 106 98 110 108 108 °S 98 96 106 106 n o 112 100 98 92 66 78 98 
in mm. Hg. - Replication 1 
Load - 1 Load - 2 
T 
0 
T l T l 2 T 3 Ta T 5 T xo 
T l T 2 T 3 TU T 5 
° 1 
7 8 7 6 Ik 8 0 8 0 7 8 7 0 6 0 6 5 7 5 7 0 7 5 
° 2 
7 0 7 2 7 5 7h 7 2 7 6 7 5 7 5 6 6 7 5 7 0 7 0 
° 3 
6 u 6k 5 8 . 6 2 6 6 6 6 5 6 6k 5 8 6 0 6 0 6 0 
°h 
7 8 7 5 7 2 72 7 2 7 6 6 8 70 81+ 7 8 8 0 7 8 
° 5 
6 2 6 2 6 2 5 8 5 8 5 2 6 6 6 6 6 2 6 2 6 0 6 0 
y'7 in mm. Hg. - Replication 2 
Load - 1 Load - 2 
T 
0 
T l T X 2 T 3 \ T 5 T 0 T i T l 2 h T a 
° 1 
7 0 6 6 6 6 6 8 6 8 6 8 7 a ' 7 a 70 7k 7 a 7 8 
° 2 
6k 7 u 6 8 7 0 7 2 72 70 6 5 7 2 70 7 a 7 2 
° 3 
6k 6 2 5 6 5 8 5 8 5 8 6 8 6 2 5 8 5 8 6 2 6 0 
°k 6 2 6 6 6 u . 6 8 7 h 7 8 6 6 6 0 7 0 6 8 7 6 6 8 
° 5 
7 0 6k 61+ 6k 7 0 6 2 6 a 5 0 3 8 a2 ao aa 
1 2 
i n m m . - R e p l i c a t i o n 1 





X 2 T 3 T a T 5 
T o T l T 2 T 3 T a T 5 
° 1 
1 5 . 8 a . 8 6 . 5 8 . a 1 3 . 0 9 . 8 5 . 9 a . 2 8 . 0 2 . 3 3 . 2 2 . 2 
° 2 
8 . 1 2 . 3 1 5 . 2 1 3 . 3 1 1 1 . 7 8 . 0 9 - 2 1 . 0 7 . 0 i a . i 1 2 . 8 2 6 . 5 
°3 1 0 . 5 2 2 . 0 1 6 . 6 2 i . a _ 
5 . 6 
1 8 . 6 1 5 . 8 1 7 - 2 3 8 . 5 U 2 . 7 1 9 . 0 3 0 . 8 2 6 . c 
1 0 . 1 1 7 . 6 l u . 7 a . 9 1 9 . 2 a . 8 1 7 . 1 3 a . 3 3 9 . 2 3 2 . 2 U9.L 
° S 
2 . 3 1 6 . 8 2 0 . 6 3 2 . a 20.6 2 7 . 2 9 . 1 a 2 . 9 6 a . o 6 6 . 5 5 a . o 5 9 . c 
y g i n m m . - R e p l i c a t i o n 2 
L o a d - 1 L o a d -• 2 
T o T l T 2 T 3 T a 
T 5 
T 
0 T l T 2 ' T 3 T a 
T 5 
° 1 
1 . 7 3 . 7 1 . 3 3 . 6 2 . 8 a . 9 2 . 2 3 - 3 6 . 9 8 . 5 6 . 6 7 . 1 
° 2 
i o . 5 1 2 . 7 1 6 . 5 1 7 2 1 1 8 . 0 2 7 . 8 1 0 . 1 2 2 . 2 1 2 . 3 3 0 . 3 3 2 . 8 a i . c 
° 3 
a . 3 9 . 8 7 . 5 1 0 0 • 5 . 1 6 . 3 a . 5 3 5 . 1 2 1 . 0 1 5 . 8 1 7 . 2 i a . i 
° a 
1 1 . 7 i a . 5 i a . a 2 2 6 1 6 . 7 i a . c 1 0 . 9 U 8 . 6 6 7 . 8 L 0 2 . 0 8 2 . 0 9 2 . 5 
°̂  2 . 5 6 . 0 1 . 8 1 1 3 2 8 . 0 i a . o 1 . 8 1 2 . 8 1 3 . 3 8 . 0 1 5 . 5 i a . 7 
4 3 
P A R T I I 
C o m p u t e r D a t a - C o d e d 
D a t a 
I.IK 
2 




E T 2 . , 
i k i - k 
E t 2 




















V a l u e 
1 3 , C l + 4 , 9 1 0 . 2 0 8 
4 4 , 6 9 8 . 8 0 0 
2 1 3 , 7 8 5 . 2 0 8 
1 6 2 , 6 5 6 . 0 3 3 
7 , 5 4 9 , 0 8 0 . 0 3 3 
D a t a 
V7 2 
1 T . . . 
1 6 , 6 9 6 , 6 4 1 . 0 0 0 
5 2 , 1 2 4 . 0 0 0 
2 2 6 , 5 l 7 . 0 0 C 
1 7 0 , 8 7 0 . 0 0 0 
1 1 , 6 9 6 , 0 0 0 . 0 0 0 
1 3 , 3 8 8 , 8 4 4 . 7 5 0 E T 2 
4 5 , 0 8 6 . 3 0 0 IJ 
2 1 3 , 9 7 8 . 1 5 0 
1 6 2 , 7 8 6 . 0 0 0 
7 , 9 0 2 , 7 6 3 . 0 0 0 
. k 
1 5 , 9 9 8 , 9 7 7 . 1 6 7 K T 
4 8 , 0 3 3 . 6 6 7 k 
2 2 1 , 7 6 8 . 5 0 0 
1 6 8 , 9 5 3 . 3 3 3 
1 0 , 3 6 7 , 5 4 7 . 6 6 7 
1 4 , 5 0 1 , 9 6 4 . 7 5 0 E T 2 
4 7 , 4 0 6 . 0 0 0 1 
2 2 0 , 4 0 6 . 2 5 c 
1 6 7 , 6 2 2 . 5 0 0 
9 , 0 6 3 , 1 5 5 . 5 0 0 





















V a l u e 
1 1 1 , 7 9 6 , 3 2 1 . 2 5 0 
4 6 , 3 5 8 , 8 3 3 
2 1 9 , 5 6 3 - 2 5 0 
1 6 7 , 2 3 3 . 3 3 3 
9 , 3 2 2 , 0 4 0 . 1 0 7 
1 1 1 , 1 0 5 , 2 0 2 . 1 2 5 
4 5 , 8 9 3 . 9 1 7 
2 1 9 , 1 0 0 . 6 2 5 
I 6 6 , 8 1 | 2 . 4 l 7 
8 , 3 8 4 , 3 7 9 . 2 5 0 
1 3 , 4 0 9 , 6 9 5 . 7 0 0 
4 5 , 3 0 5 . 2 0 0 
2 1 4 , 3 3 5 . 9 0 0 
1 6 2 , 9 3 1 . 2 0 0 
8 , 5 0 5 , 8 9 6 . 0 0 0 
1 3 , 3 5 2 , 1 + 5 7 , 8 3 3 
4 4 , 7 0 6 . 3 0 0 
2 1 4 , 0 9 5 . 6 1 7 
1 6 3 , 0 7 4 1 6 7 
7 , 5 5 4 , 3 6 0 . 1 6 7 
1 3 , 0 4 5 , 0 2 8 . 2 1 7 
4 4 , 7 1 4 . 9 3 3 
2 1 3 , 2 1 7 
1 6 2 , 7 8 0 . 0 6 7 
8 , 0 3 8 , 2 9 8 . 7 3 3 
hh 
P A R T I I I 
S U M S O F S Q U A R E S - C O D E D 
S O U R C E V A R I A B L E 
y 6 y 7 ^8 
S P R E S . 280,168.267 3,375.483 3,154.138 1,115.417 535,761.783 
L 118.008 16.133 69.008 124.033 489,218.700 
0 1,060,291.917 1,195.117 5,315.417 4,186.373 835,299.217 
L O 691,001.117 4 4 8 . 7 8 3 393.617 266.883 448 ,442.217 
T 343,934.542 387.500 192.942 129.967 353,682.967 
L T 20,732.942 202.767 288.742 21.167 113,914.300 
O T 52,828.083 1,124.583 1,112.683 650.117 325,693.283 
R 307,547.625 7.5oo 310.4O8 418.133 5,280.133 
M P R E S . 895,108.292 1,667.333 1,894.842 1,301.867 L,OIIO ,227.367 
T O T A L 3,651,730.792 7,425.200 12,731.792 8,213.967 4*146,919.967 
